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Introduction
The LNG (liquefied natural gas) carriers have been designed, constructed and equipped to carry cryogenic liquefied natural gas stored at a temperature of 163 ℃ at atmospheric pressure. The Corresponding Author : hkkang@krs.co.kr, 070-8799-8522 liquefaction process reduces the specific volume of the natural gas by approximately 620 times, which allows large quantities of natural gas to be transported economically over long distances, primarily aboard large vessels.
In the event of an accident on an LNG carrier, it may easily vaporize and create a gas/air mix within the flammable range which is approximately between 5 to 15 vol% (about 50,000 to Ho-Keun Kang 150,000 ppm). Liquefied gas carriers generally transport cargoes of flammable or toxic nature.
As known, the LNG market has been growing continually, which has led to LNG carriers becoming larger in size. Under this trend, the height of a vent will have to be raised considerably since the height of a vent pipe is generally decided by a breadth of a corresponding vessel. This, however, may cause following problems:
Interference with watchers' vision under sail as shown in 
where the standard    was first proposed by Wilcox as follows:
An Examination on the Dispersion Characteristics of Boil-off Gas in Vent Mast Exit of Membrane Type LNG Carriers 
where  is the value of the wall scale. the wall distance can be calculated from the wall scale through:
Initial and Boundary Conditions
The modeling of LNG gas dispersion released from the vent masts was carried out in the 3-dimensional LNG carrier. Figure 2 shows the general location of vent masts and its shape in LNG carriers. The time-dependent numerical simulations of dispersion of LNG gas were fulfilled with the commercial CFX code (ver. 13). The basic transport equations (mass, momentum and thermal energy) used in the CFX package are not repeated here as they can be easily found in any classical fluid dynamic book. Figure 3 illustrates the configuration and the mesh generation of a test section and Table 1 shows numerical details of the simulation.
On-board measurements in gas trial were also carried out to verify the modeling results. Figure 4 shows measuring points at Table 2 . Measuring conditions at the cargo tank cool-down during gas trial and initial conditions for numerical simulations 8167 kg/h and a natural gas temperature was 74 -95 . Table   2 shows measuring conditions of the cargo tank cool-down during gas trial and initial conditions for numerical simulations.
Results and Discussion
After setting the initial and boundary conditions and selecting appropriate models consistent with the physics of the dense gas dispersion, mass energy and momentum equations were solved in 3D space limited by the domain boundaries. The convergence criterion was set as the residual RMS becoming equal or less than 10 -5
. After obtaining steady state wind and turbulence profiles at the start of the measurement the dispersion was simulated.
The dispersed range of NG released from a vent is influenced by many factors (e.g. LNG release rate and atmospheric environment, etc.). In this paper, the dispersion of methane gas iso-contours during the dispersion of vented gas for four cases.
The basic computational parameters for steady cases are listed in Table 2 . After the dispersion, the density of CH 4 diluted quickly soon after gas dispersed toward No. 2 vent mast. The length and width of gas dispersion also show the increasing trend for the increase of mass flow at CH 4 . 
Conclusions
Conclusions from the gas dispersion study show that the safe height of vent masts in LNG carriers is appropriate to the current requirements of paragraph 8.2.9 and 8.2.10 of IGC Code. Namely,
In the current rule requirement of IGC code, the height of vent exits should not be less than B/3 or 6 m, whichever is greater, above the weather deck and 6 m above the working area, the fore and aft gangway, deck storage tanks and cargo liquid lines.
As becoming larger in size in LNG carriers, however, the height of a vent will have to be raised considerably, since it is generally decided by the breadth of a vessel. Hence, more detailed considerations have needs to conduct the safe height of vent masts of ultra large LNG vessels in the coming years. Moreover, the complexity of affecting parameters such as wind speed, venting speed, density of gas, etc, need to be considered and thus, it may be necessary to seek a way to define standard environmental conditions to obtain more accurate results.
